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INTRODUCTION

The Gordon Research Conferences were established to foster the open sharing of new
scientific findings and theories between researchers in specific fields. Unlike most other
conferences, a full week is dedicated to presentations in one area. The talks and
discussions at this Conference on Aqueous Corrosion were of such a duration to allow in-
depth exposition and full discussion of each session topic. Speakers were selected by the
chair for their expertise and recent progress in areas deemed to be at the frontiers of
corrosion science and technology.

Another key aspect of the conference is accessibility. Substantial opportunity was
provided for informal discussions outside the lecture program during meals, free
afternoon periods, and late evening gatherings. All attendees were also given the
opportunity to present their own work through poster sessions. This format was
particularly helpful for graduate students and new researchers in the field in establishing
personal contacts with the international corrosion research community.

FOCUS OF THE 1998 CONFERENCE ON AQUEOUS CORROSION

The conference theme was Materials Reliability Through Corrosion Research. The
conference focused on recent advances in understanding the fundamentals of aqueous
corrosion of metals, the formation and breakdown of oxide films, the behavior of coating
and protective layers, reliability prediction, new surface characterization techniques,
corrosion issues with fluid delivery systems and infrastructure materials, and other
currently important scientific and technological topics.

Individual sessions were:

Corrosion Research Applied to Power Generation

Fundamental Processes on Surfaces

Corrosion/Reliability Prediction

Integrity/Structure of Passive Films :

Corrosion Mechanisms and Prevention in Fluid Delivery Systems
Localized Corrosion

Reliability of Coatings/Protective Films for Corrosion Prevention
Corrosion Mechanisms and Prevention with Infrastructure Materials
Corrosion Research Beyond the Year 2000




The complete program and a listing of speaker’s addresses are attached. Empbhasis in the
selection of speakers was on young scientists, while discussion leaders tended to be
senior scientists. Speakers from Japan, France, Australia, Switzerland, Sweden, Canada,
United Kingdom, and Germany were included in the program. Attendees represented 18
different countries, including 3 people each from Russia and China.

A highlight of the Conference was the poster session. Presenters were given the
opportunity for a short oral summary of the posters at the technical sessions, and this was
very successful. The winners of the best student/postdoc and best overall poster were
appropriately recognized.

Attendance at this Conference was the best it has been in many years. Over 175 people
applied. The available space in the meeting room limited attendance to 130.

Summaries of Specific Sessions

Corrosion Research Applied to Power Generation

The conference program began with presentations on corrosion research in power
generation. Dr. Peter Andresen from General Electric R&D Center gave a presentation on
mechanisms of stress corrosion cracking (SCC) of Fe- and Ni-based alloys in boiling
water and pressurised water reactor environments. Dr. Andresen's comments focused on
key environmental, metallurgical, and mechanical variables that influence SCC. Specific
attention was given to how these variables can be accurately represented in predictive
models. A second presentation, given by Prof. David Shoesmith from Western Ontario
University, outlined the Canadian and U.S. concepts for long-term storage of radioactive
nuclear wastes. Shoesmith illustrated how predictive models for long term performance
scenarios ( > 10,000 years) can be constructed by breaking the problem down into
segements that are defined on the basis of changes in the storage environment. Shoesmith
made the point that changes in the environment induce changes in the predominant
corrosion damage accumulation mechanism, making this approach to long-term
modelling sensible and attractive. Both presentations were followed by vigorous
discussions which focused on complications in predictive modelling due to variability in
experimental corrosion data, and uncertainty in our mechanistic understanding of
corrosion processes. The session clearly underscored the magnitude of the scientific and
technological challenges associated with predictive modelling of corrosion damage
processes.

Fundamental Processes on Surfaces
The session, "Fundamental Processes on Surfaces" featured two speakérs, Prof jerry

Frankel (Ohio State University) and Prof Karl Sieradzki (Arizona State University).
Professor Frankel discussed "Studies of Localized Corrosion by Scanning Kelvin Probe



Force Microscopy and AFM Scratching”". He reviewed several AFM and AFM-like
techniques that give high resolution images of surfaces, although not all the techniques
use AFM instruments. He described his own work in which metal alloy surfaces are
imaged in air. The imaging is intended to reveal the local surface potential of the metal
by Kelvin probe measurements with an AFM instrument. When the probe is scanned in
contact mode, the surface is abraded ("scratched") and this causes a residual damage to
the surface. In the tapping mode, less surface perturbation is found and it is in this mode
that the surface potential measurements are made. The talk was well received, and
discussion was lively regarding interpretation of the measurements.

Prof Sieradzki's talk, "Electrochemical Processing of Materials by Dealloying" described
work to fabricate metal layers with low surface defect density by alternating
deposition/dissolution processing. The voltage step and swing procedure is designed to
take advantage of underpotential deposition followed by dealloying and deposition
stages. One finally obtains pure metal surfaces that have a high degree of perfection.
The discussion was again very extensive with questions about the metal systems to which
the strategy could be applied. Both talks reflected the strengths of the speakers and were
new developments of importance in corrosion science.

Corrosion/Reliability Prediction

The session on corrosion and reliability prediction considered two areas of contemporary
importance and great complexity. The talk by Ivan Cole, CSIRO, Australia considered
atmospheric corrosion as it occurs in Australia from the point of view of relating the .
source of corrosive chemicals to detailed mechanistic corrosion processes that occur on
substrate metals. Of particular interest was the correlation of wave height in the South
Pacific Ocean surrounding Australia with the source of corrosive chemicals. The talk by
Jeff Braithwaite, Sandia National Laboratory considered the complexity of corrosion of
microelectronic systems where the occurrence of corrosion is widely thought to be
impossible to analyze on a detailed basis. The talk described an approach with a
probabilistic format. This approach enables including unforeseen failure mechanisms
while accounting for corrosion processes that can be identified.

Integrity/Structure of Passive Films

This session was devised as an “appetizer” to the forthcoming 8" International
Symposium on Passivity of Metals and Semiconductors. It featured presentations on
passivity of metals and alloys, and on passivation of microelectrode arrays. The paper by
Virtanen, Swiss Federal Institute of Technology, on critical factors in the stability of
passive films provided new results obtained using a variety of advanced surface
characterization techniques, including new studies using a synchrotron light source. The
talk provoked considerable discussion. J. W. Schulze, Heinrich-Heine-University
introduced some novel approaches to the development of microelectrode arrays. The
paper emphasized the importance of studying passivity at both short times and on atomic-
scale structures. The talk stimulated a vigorous, wide-ranging discussion.




Corrosion Mechanisms and Prevention in Fluid Delivery Systems

Professor Mark Orazem, University of Florida, discussed using electrochemical
impedance methods to derive fundamental information on reaction mechanisms that take
place during fluid flow at electrochemical interfaces. Of particular interest was the
discussion of his very new approach to generate this information - electrohydrodynamic
impedance. The method generates small AC current signals by perturbing the rotation
speed of the electrode, thereby modifying the mass transport conditions and the resulting
electrochemical currents. It is a very clever and sophisticated method for deriving
mechanistic information which can not be determined by other available methods. The
presentation, and particularly the new method, stimulated a great deal of lively and
creative discussion.

Professor Paul Jepson, Ohio University, presented an excellent tutorial on multiphase
flow of oil, water, and gas, and an outstanding description of the various approaches his
laboratory is utilizing to understand and to solve the wide range of often very severe
problems in these multiphase systems. Historically, these problems have been managed
by empirical approaches and with varied success. The fundamental and systematic
approaches discussed in this lecture are very new and hold great promise for improving
the understanding of and control of the corrosion processes in these systems. The
discussion period was again very lively, and a number of attendees were stimulated to
initiate collaborative work with Jepson, or new work on their own.

Localized Corrosion

Francois Huet, University of Paris, gave a talk on the application and value_of
electrochemical noise measurements as applied to corrosion. He gave a detailed
accounting of how to make such measurements. He presented several contrasting aspects
of noise data and offered sophisticated interpretations. This work is clearly at the frontier
of noise measurements in corroding systems

Rob Kelly, University of Virginia, presented a comprehensive discussion on what
controls crevice corrosion morphology, based on analytical data obtained using several
different techniques. He offered his views on the critical factors responsible for the
geometric and topographical features of crevices, which provoked considerable
discussion.

Reliability of Coatings/Protective Films for Corrosion Prevention

Professor Martin Stratmann of Friedrich-Alexander-Universitat Erlangen-Nurnberg gave
a talk on new ways of protecting materials against corrosion using surface modification
by ordered monolayers. The disbondment of coated metals due to corrosion processes
leads to the eventual failure of the coating to protect the underlying metal. In-situ
scanning Kelvin probe analysis was used to follow the process of disbondment of
coatings on iron and aluminum alloys. The mechanism of disbondment on the two alloy
systems was discussed in light of the in-situ analysis as well as more conventional ex-situ



techniques such as XPS. An innovative approach using ordered monolayers to improve
both the adhesion and stability of coatings on iron and aluminum alloys was also
discussed. Attendees were excited by this work.

Professor Barbara Shaw, Pennsylvania State University, discussed the preparation of non-
equilibrium alloys and what makes them protective. The elements that can be used to
ally magnesium and aluminum are limited by the low solubilities of these alloying
elements in aluminum and magnesium. In the work presented here, non-equilibrium
alloying techniques were used to produce single phase solid solution alloys that exceeded
the solid-solubility limits of the alloying elements and increased the corrosion resistance.
XPS and scanning and transmission microscopies were used to analyze the resultant
alloys and explain the mechanism of corrosion protection.

Corrosion Mechanisms and Prevention with Infrastructure Materials

Graham Wood, UMIST, began this session by pointing out that the two speakers would
be dealing with the subject of sustainable development, a subject that is currently
exercising many governments around the world.

Professor John Scully, University of Virginia, presented work on fundamental processed
associated with corrosion and protection of steel reinforced concrete structures. On the
technological side, he concluded from his work that hydrogen concentration-based
criterion are more informative and that safe cathodic protection windows are possible to
define but the mechanism of life-extension remains uncertain. On the scientific side he
concluded that calcium hydroxide promotes hydrogen entry and hydrogen damage is
initiated by a ductile lamellae shearing process. Criteria discussed included the efficacy
of polarization above and below and water line; development of a “safe” cathodic
protection method; the relationship between fracture toughness and hydrogen
concentration.

Professor Christofer Leygraff, Royal Institute of Technology, talked about the release of
metals from the technosphere to the biosphere. He concluded that atmospheric corrosion
rates have decreased substantially over the last few decades and runoff rates of metals are
frequently lower than corrosion rates. The relationship between the corrosion rate and
runoff was discussed. The critical question is the bio-availability of the metal during
runoff. In discussion it was clear this depended not only on the metal but on the system
and the mode/mechanism of presentation of the metal.

Corrosion Research Beyond the Year 2000

The Conference concluded with a discussion on the future direction of corrosion
research. It began with a brief history of the Gordon Conference by Roger Staehle and
then the five invited panelists, Koji Hashimoto of Tokoku University, Jerry Kruger from
Johns Hopkins University, Alison Davenport from the University of Manchester, Martin
Kendig from the Rockwell International Science Center, and Roger Newman from the
UMIST, Corrosion and Protection Centre. Ron Latanision, Massachusettes Institute of



Technology, moderated the discussion. The panels comments led to a vigorous, far-
reaching discussion on the proper balance between corrosion science and corrosion
engineering. Some of the panelists and attendees espoused the view that there are three
critical aspects to corrosion prevention that need attention: (1) research on molecular
scale chemical and physical processes associated with the corrosion of materials and its
prevention; (2) corrosion engineering of components (such as transportation vehicles) and
structures; (3) understanding and approaches for managing the complexity inherent in
corrosion in large scale systems such as nuclear power plants, electronic devices, and
materials or devices that must survive in everchanging environments.
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Jose R. Galvele ) :
Comision Nacional Energia Atomica, Argentina, Effect of the Noble-Metal Cation on the SCC of Ag-
Cd and CuZn Alloys.

Zhi Fang , )

University of Minnesota, Properties of Passive Films on High Nickel Alloys Exposed to Sulfur -
Containing Environment.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Mohammed Al-Rifaie

Pennsylvania State University, The Use of EIS to Identify the Charge Carriers within a Passive Film.
Guenter Schmitt

Iserlohn University, Germany, New Concepts for Initiation and Migration of Flow Induced Localized
Corrosion in Scale-Forming Corrosion Processes.

Hiroyuki Ogawa

Kanazawa Institute of Technology, Japan, The Application of the Extreme Statistics for the
Prediction of HIC Nucleation.

Geetha Berera

Massachusetts Institute of Technology, Characterization of Passive Film Formed on Iron-
Molybdenum Binary Alloys.

Additional Posters in Session I1

Christopher Weyant

University of Virginia, An Investigation of the Mitigation of Atmospheric Corrosion by Surface Active
Papers.

Kerry Allahar

University of Florida, Development of a Quasipotential Model for Corrosion under Disbonded
Coatings.

Luca De Rosa

University of Naples Federico II, Italy, Corrosion Resistance of Bare and Coated 8006 and 8079
Aluminum Alloys in NaCl Aqueous Solution.

Anett Wuensche

University Stuttgart, Germany, Determination of Correlating Corrosion Processes at External and
Internal Crack Environments.

Geoff Walter

University of Wollongong, Australia, Pitfalls in Polarization.

T. Sundararajan

University of Madras, India, Effect of Nitrogen Ion Implantation on the Passive Film and Corrosion
Characteristics of Titanium Modified Type 316L Stainless Steel.

Daxi Wang

University of Petroleum, China, Quantum Chemical Calculation of Stabilization Energies on
Imidazoline Derivatives.

Christian Lemaitre

Universite de Technologie de Compiegne, France, Conduction Mechanisms in the Passive Films
Formed on Stainless Steels.

Bernd Wittek

Pennsylvania State University, In-Situ STM Study on the Surface Changes during Selective
Dissolution of Copper-Gold Alloys below their Critical Potential.

Gary Leisk

Massachusetts Institute of Technology, Equipment Gerontology Study of an Aging Air Force
Accelerometer.

Zhi Fang

University of Minnesota, Application of Potential Scanning to Assessing Possible SCC of High Nickel
Alloys in Sulfur- and Chloride-Containing Environments; A New Correlation Parameter.

Young Sik Kim

Massachusetts Institute of Technology, Influences of Thermal Treatment on the Caustic Stress
Corrosion Cracking of Super Austenitic Stainless Steel - $32050.

Lijun Gao

Exxon Research and Engineering Company, EIectrochemzcal Impedance Spectroscopy Study of
Corrosion by Organic Acids.




